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Background:  Total  hip  arthroplasty  (THA)  could  be associated  with  a  higher  failure  rate  in  patients  after
osteonecrosis  of the  femoral  head  (ONFH)  compared  to a patient  population  with  primary  osteoarthritis
prior  THA,  especially  regarding  the  acetabular  component.  One  major  reason  could be  the  compromised
acetabular  bone  quality.  Therefore,  we performed  a retrospective  case  matched  study  to  assess:  1) Is
there  a difference  in periprosthetic  bone  mineral  density  between  patients  with  an  ONFH  prior  THA  and
controls?  2)  Do patients  with  an  ONFH  prior  THA  have  a lower  bone  mineral  density  compared  to  controls?
3)  Which  region  in  the  periprosthetic  bone  stock  is  more  likely  to present  differences  in periprosthetic
bone  mineral  density  between  both  groups?
Hypothesis:  We  hypothesized  that  there  is  a  poorer  bone  mineral  density  (BMD)  in  the  periacetabular
bone  stock  in  patients  with  an  ONFH  prior  THA compared  to controls  receiving  a THA due  to  primary
osteoarthritis.
Patients  and  methods:  We  compared  the  BMD  of 50 patients  with  ONFH  to  50  controls  with  primary
osteoarthritis  prior  THA  using  the  same  implant  in mean  5 years  after  surgery  by  means  of  dual  energy  X-
ray absorptiometry  (DXA).  We  analysed  3 acetabular  ROIs  according  to  DeLee  and Charnley  in a modiﬁed
measurement  technique.
Results:  In ROI  3, representing  acetabulum’s  upper  aspect,  statistically  signiﬁcant  lower  BMD  values
for  the ONFH  group  could  be found  (P < 0.05).  No  difference  was  found  for  the  modiﬁed  ROIs  1  and  2
(respectively  medial  and  lower  acetabulum).
Discussion:  The  results  indicate  a poorer  periacetabular  BMD  in  patients  with  ONFH  prior  THA,  which
might  be responsible  for premature  loosening  of  the  acetabular  cup in  THA.  Due  to  a lack  of  literature,
further  clinical  investigations  are  required  to  conﬁrm  our  results.
Level  of evidence:  III: retrospective  case-control  study.
© 2015  Published  by Elsevier  Masson  SAS.. Introduction
Clinical longevity of total hip arthroplasty (THA) depends on
heir osseointegration, which is inﬂuenced by the load, the char-
cteristics of the implant and the bone-implant interface, as well
s by the quality and quantity of the surrounding bone [1]. Asep-
ic loosening due to periprosthetic osteolysis is the most frequent
nown cause of implant failure [1]. Osteonecrosis of the femoral
ead (ONFH) remains a challenging disease, as it usually leads to
he destruction of the hip joint in young patients between their
hird and ﬁfth decade of life [2]. Despite attempts to preserve the
∗ Corresponding author. Tel.: +49 9405 18 4886.
E-mail address: keshmiri armin@yahoo.de (A. Keshmiri).
http://dx.doi.org/10.1016/j.otsr.2015.08.006
877-0568/© 2015 Published by Elsevier Masson SAS.hip joint in early stages, THA is indicated once the femoral head has
collapsed and the articulation is compromised (ARCO stages III and
IV) [2]. The results of THA after both, ONFH and primary osteoarthri-
tis are controversially discussed in literature. Some authors report
comparable short-term results of cementless total hip arthroplasty
in patients with osteonecrosis of the femoral head compared to
patients suffering from primary osteoarthritis prior THA [3]. Other
authors suggest poorer results of THA in patients with ONFH com-
pared to patients with primary osteoarthritis prior THA, both with
and without the use of cement ﬁxation [4–7]. High level of activity
in younger patients and increased body weight are stated as rea-
sons for premature loosening of the acetabular component [4–7].
However, other reasons for this higher failure rate of THA in ONFH
are often underestimated such as qualitative and quantitative bony
acetabular deﬁciency subsequent to the collapsed femoral head,
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r
d
c
l
s
t
i
h
f
r
n
m
i
c
t
n
X
m
h
u
T
b
m
f
c
p
a
1
p
w
s
o
•
•
•
b
t
2
2
b
R
t
h
T
d
w
T
s
r
i
t
i
m
o
Table 1
Demographic data of the femoral head necrosis and the primary osteoarthritis group
presented in means, standard deviation and range.
ONFH (n = 50) Primary OA (n = 50) P-value
Sex 28 female, 22 male 25 female, 25 male 1.0
Age (years) 63.6 (11.9, 37.6–87.7) 61.6 (9.3, 43.9–77.5) 0.6
Weight (kg) 80.4 (14.65, 53–117) 77.6 (14.1, 60–115) 0.7
Height (m)  1.68 (0.09, 1.50–1.85) 1.68 (0.08, 1.52–1.88) 0.9
BMI  (kg/m2) 27.9 (4.01, 19.0–35.0) 27.4 (4.3, 20.0–45.0) 0.8
Treatment side 24 left, 26 right 29 left, 21 right 0.3
Data were presented as means and standard deviation or as
numbers for qualitative variables. The BMD  values between the two98 B. Craiovan et al. / Orthopaedics & Trauma
educed weight bearing during long periods, systemic diseases and
efects in mineral metabolism associated with the use of corti-
osteroids [8]. Other authors underline that especially acetabular
oosening remains one of the most frequent reasons for revision
urgery in patients with prior ONFH with or without cement ﬁxa-
ion [9–11]. Furthermore, in previous radiological and histological
nvestigations, a reduced bone quality was found in the femoral
ead, the intertrochanteric and metaphyseal region in patients suf-
ering from ONFH [12,13]. An increased gene expression of factors
egulating bone formation and remodeling in the femoral head and
eck in patients with ONFH could be found [14]. A decreased bone
ineral density (BMD) in the trochanteric region and the prox-
mal femoral canal of the affected side compared to the healthy
ontralateral side was found as well [15]. In our previous investiga-
ion, no difference in periacetabular bone mineral density between
avigated and conventional THA could be found using dual energy
-ray absorptiometry (DXA) [16]. DXA is regarded as an accurate
ethod to evaluate BMD  and to evaluate bone remodeling around
ip prostheses [3,17–19]. In many previous studies, DXA has been
sed to investigate periprosthetic BMD  and bony ingrowth after
HA [20–24]. Compared to conventional x-rays, DXA is stated to
e more sensitive to detect small changes in periprosthetic bone
ineral density [25]. Sabo et al. [26] found that DXA is a use-
ul method for analyzing changes of mineralization around the
up in THA. In some radiological investigation, the bone changes
roduced by osteonecrosis of the hip was quantiﬁed and BMD
nalyzed by means of DXA according to DeLee and Charnley (ROI
–3) [27,28]. The current study investigates a possible difference in
eriprosthetic acetabular bone mineral density between patients
ith ONFH prior THA and controls. In literature, this is the ﬁrst
tudy analyzing the periacetabular bone stock using DXA in patients
f both groups. This case matched study was designed to assess:
is there a difference between patients with ONFH prior THA and
controls?
are patients with an ONFH prior THA lower in periprosthetic
acetabular bone mineral density?
which ROI’s are more likely to detect a signiﬁcant difference
in periprosthetic acetabular bone mineral density between both
study groups?
We hypothesize that there is a poorer periprosthetic acetabular
one stock in patients who have had an ONFH prior THA compared
o patients who received a THA due to primary OA of the hip.
. Patient and methods
.1. Patients
This matched-pair analysis was conducted after authorization
y the Institutional Ethical Board of the Medical University of
egensburg (No. 14-101-0108). Written informed consent for par-
icipation in this investigation was obtained from all patients. One
undred patients were included, 50 who had received a unilateral
HA due to primary osteoarthritis and 50 who had received a THA
ue to ONFH were included. There were 46 men  and 54 women
ith a mean age at the time of surgery of 63 years (range 41–85).
he matching criteria age, gender, body mass index (BMI), treated
ide and sex were similar in both groups (Table 1). All patients were
ecruited from a cohort of 400 patients. Exclusion criteria were
mposed in order to avoid changes in BMD  which were not related
o ONFH: rheumatoid arthritis, prior injuries or surgeries on the hip,
ntake of oestrogen, calcium, vitamin D, calcitonin, iode containing
edication or any other medication for osteoporosis before, during
r after performed surgery.ONFH: osteonecrosis of the femoral head; OA: osteoarthritis; BMI: body mass index.
We  identiﬁed 136 patients (68 matched-pairs), which met  our
inclusion criteria 5 (3.8 to 6.1) years after surgery. We  excluded
patients with a known history of osteoporosis and/or the use of
bone remodelling drugs (calcitonin, vitamin D, oestrogens or iodine
containing medication) pre- or postoperatively. During routine
follow-up, all patients underwent a radiological examination. Four
patients were excluded due to poor quality of the DXA scan. Five
patients had died and 24 patients were not able to return to the hos-
pital for examination. All in all, 17 pairs had to be excluded from
analysis. In total, we  were able to analyse 102 patients (51 pairs)
and decided to include 100 patients (50 pairs) in the study protocol.
2.2. Methods
THA in all patients was  performed in the lateral decubitus
position using a minimally-invasive single-incision anterolateral
approach. THAs were performed by a single orthopaedic surgeon
from the Orthopaedic University Hospital of Regensburg/Germany
with experience of more than 500 THAs. Press-ﬁt acetabular com-
ponents, uncemented hydroxyapatite-coated stems (Pinnacle cup,
Corail stem, DePuy, Warsaw, IN), polyethylene liners and metal
heads with a diameter of 32 mm were used in all patients. The tar-
get acetabular component position for all patients was  within the
“safe zone” as deﬁned by Lewinnek et al. (40◦ ± 10◦ inclination and
15 ± 10◦, anteversion) [29].
2.3. Methods of assessment
All patients underwent DXA scanning (Lunar DPX; GE Health-
care General, Fairﬁeld, USA) of the acetabulum during the follow-up
examination using the metal removing hip scanning mode. No
baseline value of preoperative bone mineral density was  available.
Due to ethical restrictions, a DXA scan of the contralateral side
could not be performed. According to the manufacturer’s instruc-
tions, patients were placed in the supine position, the leg in slight
internal rotation. The leg was attached to a positioning device. The
acetabular scans were examined using modiﬁed zones according
to DeLee and Charnley (ROI 1–3) [27,28]. We  performed a slight
modiﬁed measurement technique due to a better visualization of
the DXA scans (Fig. 1). All measurements were performed by one
blinded and independent observer and interpreted according to El
Maghraoui and Roux [30].
2.4. Statistical analysisgroups were compared with the Mann-Whitney test (continuous
variables). All analyses were performed using SigmaPlot 11.0 (Sys-
tat Software Inc., Chicago, IL, USA). Statistical comparisons were
made at a 0.05 level of signiﬁcance.
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Fig. 2. Means and standard deviation of periprosthetic bone mineral density (BMD)
in  the osteonecrosis of the femoral head (ONFH) group and in controls after THA in
the three modiﬁed actetabular regions according to DeLee and Charnley [region of
T
P
Rig. 1. Dual energy X-ray absorptiometry analysis showing the three modiﬁed
egions of interest (ROIs) around the acetabular cup according to DeLee and Charn-
ey.
. Results
Regarding the question if there is a difference in periprosthetic
cetabular bone mineral density between both groups, a statisti-
ally signiﬁcant difference was found for the periacetabular ROIs 2
P < 0.05) (lower aspect of the acetabulum) and 3 (P < 0.001) (upper
spect of the acetabulum). We  questioned if patients with an ONFH
rior THA have a lower periprosthetic acetabular bone mineral
ensity. Regarding this question, the ONFH group resulted in a sig-
iﬁcant lower mean BMD  in ROI 2 with 0.97 g/cm2 and in ROI 3
ith 0.903 g/cm2 compared to 1.154 in ROI 2 and 1.52 in ROI 3 in
he primary osteoarthritis group. For ROI 1 (medial aspect of the
cetabulum) no signiﬁcant difference between both groups could
e found. Mean values and standard deviation of all ROIs are pre-
ented on Fig. 2 and Table 2. Obviously, ROI 2 and 3 are more likely
o detect a signiﬁcant difference in periprosthetic acetabular bone
ineral density between patients with an ONFH prior THA and
ontrols.. Discussion
This study was conducted to test the hypothesis that there are
ifferences in the acetabular periprosthetic BMD between patients
able 2
eriprosthetic bone mineral density (g/cm2) data in regions of interest of the modiﬁed ac
Acetabulum ONFH (n = 46) 
ROI 1 (medial aspect of the acetabulum) 1.283 (0.39, 0.72–2.4) 
ROI  2 (lower aspect of the acetabulum) 0.97 (0.34, 0.47–1.94) 
ROI  3 (upper aspect of the acetabulum) 0.90 (0.37, 0.35–1.92) 
OI: region of interest; ONFH: osteonecrosis of the femoral head; OA: osteoarthritis.interest (ROI) 1–3] (ROI 1: medial aspect of the acetabulum; ROI  2: lower aspect of
the acetabulum; ROI 3: upper aspect of the acetabulum).
who received a THA due to ONFH and patients who had to undergo
THA due to primary osteoarthritis as controls. We  could conﬁrm
this hypothesis showing poorer bone mineral density values in the
modiﬁed ROIs 2 and 3 according to DeLee and Charnley in patients
with ONFH prior THA compared to controls. In a recent investiga-
tion, Tingart et al. [14] stated that trabecular properties in ONFH
bone are altered for bone volume and structure model index. These
alterations in bone metabolism and architecture would contribute
to higher rates of component loosening after THA in patients with
ONFH. So far, there is no clinical or radiological study available in lit-
erature evaluating this potential risk factor for premature loosening
of the acetabular component in THA by means of DXA. Most impor-
tant, in the present investigation a signiﬁcant lower BMD  for ROIs
2 and 3 in patients who received a THA suffering from ONFH com-
pared to controls was  found. In the past, many studies using DXA in
THA have focused on measuring postoperative bone mineral den-
sity in correlation to different prosthetic designs and component
coating [26,27,31]. Furthermore, few studies have investigated the
effect of surgical techniques on the bony ingrowth as well [32,33].
The accurate ﬁxation in press-ﬁt technique as well as the design
of the components plays an important role in terms of prema-
ture loosening in THA. Nevertheless, using the same implant, in
the present investigation a statistically signiﬁcant poorer peripros-
thetic bone stock in patients with prior ONFH compared to controls
could be shown in the modiﬁed ROIs 2 and 3 according to DeLee and
Charnley. Thus, the results of Laroche et al. [15] could be conﬁrmed
and show, that ONFH prior THA indeed might have an inﬂuence
on the survivorship and premature loosening of the femoral stem.
However, this study has some limitations. First, our trial has a ret-
rospective and matched-pair character with a limited number of
subjects. We  identiﬁed 50 matched-pairs according to the desired
matching criteria. Of course, a prospective randomized controlled
etabular ROIs (ROI 1–3) according to DeLee and Charnley.
Primary OA (n = 46) P-value
1.4 ± 0.33 (0.77–2.26) 0.079
1.15 ± 0.35 (0.45–2.08) 0.005
1.52 ± 0.44 (0.69–2.42) < 0.001
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rial remains the golden standard to compare two different groups.
evertheless, our study represents the ﬁrst report of periprosthetic
cetabular BMD  between patients who received a THA due to ONFH
nd controls and could be the basis for future randomized studies
iving values to calculate sample size. Second, we  were unable to
btain baseline values prior surgery and prior 5 years after surgery.
ost of existing investigations compared BMD  values over time to
escribe bony ingrowth during follow-up. However, in this study
e concentrated on the effect of ONFH on periprosthetic bone
tock after a settled time period, therefore changes during time
cale was not the main objective. We  think this does not jeop-
rdize our results. A third limitation is that there are concerns
egarding the use of DXA like the optimal interpretation of DXA
cans, reproducibility, sensitivity of the machine, T and Z score
alculation, monitoring, concordance between measurement sites,
ecognition of diverse artifacts and disease processes that may
nﬂuence BMD  results. Correct performance of BMD  measurements
sing DXA requires rigorous attention to detail in positioning and
nalysis. When DXA studies are performed incorrectly, it can lead
o major mistakes in diagnosis. For that, we performed and inter-
reted all measurements according to El Maghaouri and Roux [30].
urthermore, DXA is regarded as an accurate method to evalu-
te BMD  and to evaluate bone remodelling around hip prostheses
1,17–23,34,35]. Compared to conventional x-rays, DXA is stated
o be more sensitive to detect small changes in periprosthetic BMD
25]. Sabo et al. [26] found that DXA is a useful method for analyz-
ng changes of mineralization around the acetabular cup in THA.
n some radiological investigation, the bone changes produced by
steonecrosis of the hip were quantiﬁed and BMD  analyzed by
eans of DXA according to modiﬁed ROI 1–3 DeLee and Charnley
27,28]. We  tried to reduce a possible selection bias by exclud-
ng patients with a known history of osteoporosis and/or the use
f bone remodeling drugs pre- or postoperatively. In contrast, we
ere not able to accurately determine the etiology of the necro-
is due to the retrospective design of the study, and we could not
alculate power. A strength of the study is the fact that we used a
ingle manufacturer THA design in press-ﬁt technique with a single
ead diameter and a single surgeon series across groups preventing
onfounding. Any difference with regard to BMD  in our analysis
s mainly due to whether the patients suffered from preoperative
NFH or not, rather than the design or the coating of the prosthetic
omponent. In summary, we could verify our tested hypothesis.
ccording to our results, surgeons should spare the subchondral
one by reaming the acetabulum carefully due to the more fragile
one in patients with ONFH prior THA.
. Conclusion
Based on our ﬁndings we can conclude that ONFH might be
 deciding factor for premature loosening of the acetabular com-
onent in THA. Surgeons should be more accurate in ﬁxating the
cetabular component in patients with ONFH prior THA. However,
he presented results focussed on the BMD  values 5 years after
urgery. Further clinical investigations seem to be necessary to
upport the present ﬁndings.
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